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Cutaneous Sialidase 
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Department of Dermato logy, University of Nijmegen , The Netherlands 
A fluorometric microassay is described for sialidase 
using the natural substrate sialyllactose. This technique 
has been used to characterize and quantify cutaneous 
sialidase. 
The enzyme was found exclusively in the particulate 
fraction of skin homogenates. Its properties were similar 
to those from othe r mammalian tissues, showing a pH 
optimum of 4.0 and a Km of 0.4 7 mM. Although the modal 
value of levels in psoriatic biopsies was similar to nor-
mal, a few specimens contained exceptionally high activ-
ity. 
Epidermis, like a ll animal tissues, contains a range of specific 
glycosidases. These enzymes are located m ainly in th e Golgi 
apparatus -endoplasmatic reticulum-lysosome system (GERL) , 
and are usually characterized by a n acidic pH optimum. Their 
fun c tion is the degra da tion of oligosa ccharide fragments, for 
e xample from glycoprotein. Chara cterization a nd quantification 
o f a number of epidermal glycosidases has been r eported [1,2] 
a nd s triking changes have been shown in th e lesions of several 
skin diseases, notably psoriasis [3]. 
A further member of this group which has not previously 
been reported in epidermis is sialidase (EC 3.2.1.18, also known 
a s N-acetylneUl'a minidase). This enzyme is of considerable cur-
rent interest because it cleaves the terminal sugar r esidue, s ialic 
acid, from oligosaccharides and may thus be a major de termi-
n a n t of cell sUl'face charge. In addition, t h e observa tion that 
exposUl'e of cultUl'ed cells to sialidase stimulates cell division 
and s ugar uptake [4] has possible r e leva nce to hyperprolifera -
t iv e disorders such as psoriasis. 
In this paper we describe an improved technique for the 
d etermination of sialidase, the properties of the enzym e in 
guinea-pig skin, and the quantification of sialidase a ctivity in 
s kin biops ies from h ealthy controls a nd psoria tic pa tients. 
MATERIALS AND METHODS 
Materials 
S ialyllactose (N-ace tylneuraminosyl-D-Iactose) and the coupling en· 
zymes (a-galac tosidase and galactose dehydrogenase) were obta ined 
from Boehringer Mannheim, B.V. (Amsterdam, NL) . NAD (grade V) 
and DNA were purchased from the Sigma Chemical Co., St. Louis, 
USA . 4',6-diaminido-2-phenylindole. 2HCI (DAPl) was obta ined fTom 
Ser va Feinbiochemica GmbH, Heidelberg, Germany. AU other reagents 
wer e of analytical quality and were obtained from Merck (Darmstadt, 
Germany). 
Guinea-pigs (Duncan-Hartley strain) were killed by a blow to the. 
head , shaved, and split-thickness skin cut using a keratotome set to 0.2 
mm. Human control subjects were paid volunteers wi th no history of 
skin disease. Pa tients were selected with chronic plaque type psoriasis 
wh o had used no topical therapy for at least 2 weeks prior to biopsy. 
S pecimens of skin (average 2 mg weight, 7 mm 2 area) were cut freehand 
using a razor-blade and a metal guard with a circular hole of a 4-mm 
diameter. The calculated mean thickness of these samples was thus 
abou t 0.3 mm. Direct histological examination of typica l biopsies (from 
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both normal and psoriatic skin) confmned that the central ru'ea in-
cluded aU epidermal layers plus some upper dermis. 
Preparation of Samples 
Because of the very low level of cutaneous sialidase activity, guinea-
pig skin was used for preliminru'y experiments in the optimization of 
the assay method and for the investigation of reaction kinetics. In 
general (both guinea-pig and human skin) suspensions of washed pru'-
ticles were employed since these retained the whole activity of the 
crude homogenate and yielded considerably lower blanks. T he DNA 
content of the superna tan t provided a convenient reference variable 
for calculation of enzyme activity in the human biopsy specimens. 
Guinea-pig skin was scissor-minced and homogenized at 50 mg/ ml in 
a solution of bovine serum albumin in water (1 mg/ ml, BSA) using an 
all-glass Potter-type homogenizer fi t ted wi th an ice-jacket. The homog-
enate was centrifuged to yield a clear supernatant (10 min, 4000 g) and 
the supernatant discarded. T he pellet was washed once by centr ifuga-
tion and resuspended in the original volume of BSA for sia lidase 
measurements. In the case of human biopsies, the in tact sample was 
homogenized in 1 ml BSA. The homogenate was transferred to a 1.2 ml 
capped "Eppendorf ' tube and centri fuged. The cleal' supernatant was 
wi thdrawn and stored frozen for subsequent DNA determination. The 
peUet was washed with 1 ml BSA, and after centrifugation the bulk of 
the supernatant was withdrawn and discru·ded. The pellet was resus-
pended in the remaining BSA (20 ± 5 ,tI) and this suspension used in 
situ for sialidase assay. 
A ssay of S ialidase 
This was based on a method developed by Boehl'inger Mannheim, 
GmbH (personaI communication) and modified by us to permi t flu o-
rometric determination of NADH, Sialyllactose was employed as sub-
strate. The reaction product, lactose, was spLi t by means of galactosid-
ase to yield glucose and galactose, and the latter determined by the 
stochiometric reduction of N AD to NADH in the presence of galactose 
dehydrogenase. 
For experiments with guinea-pig skin, 20 J,tl al iquots of "washed 
pruticles" were pipetted in to 1.2 ml Eppendorf tubes; for human biop-
sies the entire pellet resuspended in 20 II I BSA was employed. Appro-
pria te blanks and standru'ds (2 nmol lactose in 20 ,Ill BSA) were set up 
and 20 ,Il l substrate (2 mM sialyllactose in 50 mM acetate buffe r, pH 4.0) 
was added to all tubes. T he samples were incubated for 2 hI' at 37°C, 
the reaction stopped by the addi t ion of 250,u1 phosphate bu ffer (0.1 M, 
pH 7.6, conta ining 1 mM Mg SO .. ) and the tubes were heated fo r 2 min 
at 95°C to ·destroy residual enzyme activity. 
After cooling, the samples were centrifuged, 200 J,tl aliquots of the 
supernatants transferred to clean tubes, and 20 III of coupling reagent 
(4 mM NAD, 0.5 mg/ ml .a-galactosidase and 0.5 mg/ ml galactose 
dehydrogenase in phosphate buffer) added to each tube. The samples 
were incubated for 30 min at 37°C and NADH determined by flu Ol·es· 
cence (A,,:)( = 342, A',:M = 466 nm) . After subtraction of bl~nks, the 
activi ty of each sample was calculated as nmol of lactose liberated pel' 
min incubation. 
En zyme Dil!tribution and R eaction Kinetics 
Preliminru'y experiments were carried out to determine the distri -
bution of sia lidase activi ty between the par t iculate and soluble fractions 
of whole homogenates of guinea pig skin. Reaction kinetics were studied 
using a washed particulate suspension; investigations included the 
effects of enzyme concentration (up to 50 mg tissue/ml ), incubation 
t ime (up to 2 h]'), substrate concentration (50 ,uM-2 111M) and pH (3.0-
5.4 ). In all cases the reaction condi tions, other than the variable studied, 
were as described above. 
DNA Measurements 
The DNA concentrations of the supernatants from all human biop-
sies were measw'ed as the flu orescent complex with 4',6-diamidino-2. 
phenyl indole (DAPI) using a modification of a previously described 
method [5). 
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DAPI was prepared and stored as a stock solu tion at 2 mg/ ml in 
dimethyl sulphoxide. An aliquot was diluted to 20 ng/ml in phosphate 
buffe r (10 mM, pH 7.4) immediately before use. Tubes were set li p 
containing duplo 50 jll aliquots of extracts (diluted with B8A wh ere 
necessary) , blanks (50 ILl B8A) and standards (50 ILl BSA containing \ -
4 ILg/ml DNA). DAPI reagent (500 ILl) was added to each and the 
fluorescence measured (AEX = 372, AEM = 458 nm). 
In order to check the completeness of extraction of the DNA , 
suspensions of isolated keratinocytes were prepared by trypsini",ation 
of normal human epidermis [6]. Aliquots containing known num bers 01' 
cells were processed in the usual way, and DNA concentrations deter-
mined in the supernatants. 
RESULTS 
In the fluorometric assay described here the sensitivi ty (sam-
ple fluorescence of double the blank) was about 0.2 nmol 
liberated lactose; using particles derived from 1 mg tissue and 
an incubation period of 2 hr the minimum sialidase activity 
which could be determined with accuracy was t hus about 2 
nmol/min/ g. The activity of split-thickness guinea-pig skin 
averaged 28 ± 4 nmol/min/ g (mean ± SD for 6 specimens), 
enabling us to obtain detailed kinetic data for the cutaneous 
enzyme. 
Fractionation of crude homogenates established that the 
whole of the sialidase activity could be recovered in the pellet, 
no activity being found in the 4,000 g supernatant. It was also 
observed that the presence of soluble (cytoplasmic) material 
resulted in much higher "blank" values, presumably because of 
endogenous NADH or of metabolites which generated NADH 
in the presence of the coupling enzymes. The reaction rate, 
using resuspended "washed particles," was proportional to the 
concentration of particles up to the maximum tested (50 mg/ 
rnl), and maintained precise linearity with respect to time for at 
least 2 hr. Activity was maximal at about pH 4.0, declining 
gradually to aoout 60% of maximal at pH 5.4 (Fig 1). The 
enzyme obeyed Michaelis-Menten kinetics over the range of 
substrate concentrations 100 p.M-2 mM (Fig 2); extrapolation 
yielded a Km of 0.4 7 roM for siallactose. 
The sialidase activity of normal human skin was about one-
third that'of guinea-pig, averaging 8.9 ± 5.8 nmol/ min/ g (mean 
± SD for 14 specimens). However, the activity of individual 
biopsies showed a much better correlation with DNA content 
(i.e., number of cells) than with weight. The former has there-
fore been used as reference variable to calculate the values 
illustrated in Fig 3. It is seen that the modal values for contro ls, 
psoriatic "uninvolved" skin and psoriatic lesions are quite Sin1-
ilar; however, the distribution is unusual in t hat some specimens 
(especially of psoriatic lesions) reach levels of more than ten 
times modal activity. The DNA content of isolated keratinocy te 
suspensions processed by the same methods was in the range 
6-7 pg per cell, a value in agreement with the general literature. 
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FIG 1. Effect of pH on the activity of sialidase from guinea-pig skin. 
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FIG 2. Lineweaver-Burke plot showing the effect of sialyllactose 
concentration on the activity of sialidase from guinea-pig skin. [8] is 
mmol!1. 
2 4 
sia lidase act iv ity ---------------, 
(pmol/min /}-Lg DNA) 
15 
10 
5 
o 
contro ls psoriasis uninVOlved 
27 
24 
18 ~7 
psoriasis 
les io n 
FIG 3. 8ialidase activity in human biopsies. 
DISCUSSION 
The fluorometric modification of the NAD-linked assay de-
scribed here offers a sensitivity about two orders of magnitude 
greater than the spectrophotometric approach and is about one 
order of magnitude more sensitive than the alternative proce-
dure of chromatographic analysis of liberated sialic acid. This 
technique has t hus made it possible to obtain the first data 
regarding cutaneous sialidase. 
The properties of the enzyme from guinea-pig skin are in fact 
very similar to those reported from other mammalian tissues. 
Perhaps the most extensive investigation of the behaviour of 
mammalian sialidase towards natUl'al substrates is that of 
CAlM I et al [7]. Using CI (2 --> 3) sialyllactose these authors 
reported a pH curve almost identical to ours (optimum pH 4.0 
declining to about 60% maximal at pH 5.2) and a Michaelis-
Menten constant of 0.43 mM. This low pH optimum distin-
guishes the cutaneous guinea-pig enzyme from the val'ious 
bacterial sialidases, the latter showing maximum activity in the 
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pH range 5.0-6.0. Although we did not attempt to measure the 
pH optimum for normal human skin, it seems reasonable to 
assume that the human enzyme is also of endogenous origin. 
Our observation that the sialidase activity of individual biopsies 
from normal human skin correlates closely with DNA (i.e., 
cellularity) and not with weight (i.e., thickness) indicates that 
the enzyme is located chiefly in the epidermis, a finding in line 
with the distribution of other acid hydro lases. This makes it 
unlikely that the higher level of sialidase activity which we 
found in guinea-pig skin could result from the somewhat greater 
proportion of dermis in these samples compared with the hu-
man biopsies. 
The data from the psoriatic biopsies suggests that we may 
exclude a direct role for sialidase in the pathogenesis of this 
disease. The extremely high values found in a few specimens, 
however, are puzzling. No obvious link could be established 
between these particular values and the clinical status of the 
patient. Because of the generally low level of sialidase in skin 
and the very high production of this enzyme by many bacteria, 
however, it seems possible that these "statistically inlprobable" 
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values may represent an altered bacterial colonisation, either 
in species or in density. 
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